INTRODUCTION
Acoustic emission from 7075 aluminum during tensile deformation or cyclic loading has been the subject of investigations by many authors [1] [2] [3] [4] [5] [6] [7] [8] [9] . The acoustic emission source mechanism during fatigue crack propagation was initially believed to be the fracture of Mg2Si intermetallic inclusions which playa strong role in the crack propagation process. Recent work has clearly demonstrated, however, that the mechanism is related to localized yielding or incremental separation of the crack face surfaces as the fatigue crack advances [7, 8, 9] .
In this work we investigate the acoustic emission behavior of 7050 and 7075 aluminum. It will be shown that, although the materials are chemically and mechanically very similar their acoustic emission behaviours are strikingly different. In particular for similar heat treatment and ambient crack growth temperature the amplitude and number of emissions due to fatigue crack growth in the 7050 aluminum alloy (which does not have significant inclusion content) are greater than those for 7075 aluminum (which has significant Mg2Si inclusion content). The importance of inclusions in determining the relationship between acoustic emission behaviour and strain energy release rate for crack advance is discussed.
EXPERIMENTAL Specimens
The single-edge notched (SEN) fatigue specimens ( Fig. I) were manufactured from a 4.7 mm thick sheet of Alcoa 7050-TI51 or 7075-T651 aluminum with the longest dimension (tensile axis) parallel to the rolling direction. The specimens used for the heat treatment measurements had dimensions 400 mm x 25.4 mm x 4.7 mm. The specimens used for the temperature measurements had dimensions 680 mm x 25.4 mm x 4.7 mm. This unusual specimen geometry is used to allow the acoustic emission sensor to be air cooled at room temperature while the fatigue crack is maintained at a different temperature by the surrounding environmental chamber. A stress-raising side edge notch, 0.3 mm wide and 10 mm deep was machined in the specimen as shown in Fig. 1 using a Buehler Isomet low speed metallurgical saw. The chemical and mechanical properties of the specimen materials at room temperature are listed in Table 1 . It is clear from these data that the two materials are chemically and mechanically very similar apart from the presence of Mg2Si inclusions in the 7075 aluminum. Also the 7075 material as-received is peak aged (-T65 1 condition) while the 7050 aluminum as-received is heat treated to the (-TI51) condition. Fig. 1 . Configuration of the specimens used for the effect of temperature (above) and effect of heat treatment (below). The sensors locations A and B are also shown along with the position of the notch. All dimensions are in mm.
Crack growth measurements were carried out on 7050 aluminum for various heat treatments and ambient temperatures. Table 2 lists the heat treatment and temperature conditions for each of the specimens report here. Also included are the relevant bulk mechanical properties (yield stress and fracture stress) for the test conditions. Table 3 summarizes the ranges of material properties and test conditions for the experiments reported here.
Specimen Loading
An Instron Model 1123 Universal Testing Instrument (maximum capacity of 25 kN) was used to fatigue the specimens using the approximately triangular waveform produced by this machine under constant amplitude cyclic loading conditions. The fatigue specimens were clamped in custom designed pin grips which minimize friction related noises by means of teflon liners placed between the specimen and grip surfaces. Each sample was fatigued under tension-tension cyclic loading with an R-factor of 0.5 and a maximum load of 3.8 kN. These loads were chosen to produce a crack growth rate of about 0.05 ~mlload cycle. The cyclic loading frequency of approximately 0.5 Hz was achieved using a crosshead speed of 10 mmlmin. The ambient crack growth temperature was held constant by an Instron Model 3111 Environmental Chamber which has an operating range of -40°C to +300 dc. The ranges of parameters studied are listed in Table 3 .
Data Recording and Analysis
During fatigue crack propagation, the amplitude of each acoustic emission signal from PAC D9202B sensors is recorded for analysis along with the specimen load, number of load cycles, time and crack length at which the signal occurred. These parameters were recorded using the data acquisition system described below.
Crack length was measured using the 4-lead measurement of the electrical resistance of an epoxy-backed aluminum foil which was attached to the specimen surface in the path of the growing crack. This device uses a constant current supply and provides a change in output voltage in the range 0 to 10 volts which is proportional to crack length, for crack lengths in the range 0 to 10 mm. This output, along with the Instron load cell output are each recorded by the data acquisition system via an NO converter at the time of occurrence of each acoustic emission signal.
The Data Acquisition System
The data acquisition system (commercially available from AEMS, Acoustic Emission Monitoring Services Inc., Gananoque, Ontario, Canada) was designed and constructed specifically for the recording and interpreting of acoustic emission data in the laboratory and during flight [10] . The design is based on criteria derived from the RMC work of almost a decade in the area of acoustic emission monitoring. These studies established the importance of the difference in arrival time of an event at different locations, signal risetime, and the magnitude and variation of the applied stress at the time of occurrence of the event. All of these parameters are necessary to isolate crack-related events from other noise sources during dynamic loading and are recorded by the data acquisition system used here.
The output of each of the piezoelectric sensor elements is amplified by a preamplifier with nominal gain of 40 dB. The resulting signal is buffered, logarithmically amplified, envelope followed and peak detected. These operations are accomplished using signal conditioning modules. The output of each envelope follower is separately fed into the digital data acquisition system where the times of pre-selected amplitude threshold crossings (6 dB apart) are recorded. The peak amplitude of the acoustic emission signals is measured by a sample and hold technique and stored in memory along with load, number of load cycles and crack length at the time of occurrence of each acoustic emission event.
All of the above data are compressed into an event record which includes the time of occurrence of the event at each sensor, the difference in arrival times at two sensors (.M), event risetimes for 6 dB change in amplitude, event durations, event decay times and event peak amplitudes. The resulting data set is then extracted from the data acquisition system via an RS-232 interface and stored on disk on an external portable computer. RESULTS AND DISCUSSION Fig. 2 shows a comparison of the acoustic emission cumulative amplitude distributions for the two materials as-received while Fig. 3 shows the number of detected events as a function of crack increment Also included in Figs. 2 and 3 are the derived results for 7075-1751 aluminum [7] . These results show that for the same heat treatment the number and amplitude of the events are greater for the 7050 alloy than for the 7075 alloy. Since 7050 aluminum does not contain Mg2Si inclusions this result is further confIrmation that the emission source is sudden, localized, yielding or fracture of the aluminum matrix rather than inclusion fracture [7] . 
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o 5 10 15 20 Increment in Crack Face Area (mml\2) Fig. 3 The cumulative number of detected acoustic emission events as a function of fatigue crack increment for 7075-T651 aluminum and 7050-1751 aluminum. Also included is the corresponding derived result of 7075-T751 aluminum. C 1 0 0 0 0 r -----------------. 4 shows the cumulative amplitude distributions for each of the 7050 aluminum specimens studied. For both the heat treatment and ambient temperature measurements the amplitude distributions all have the same shape and are related to one another by a horizontal translation only. This implies that heat treatment or ambient temperature causes a change in the amplitudes of all of crack growth acoustic emission signals of a given heat treatment or ambient temperature by a constant factor relative to the as-received material. Fig. 5 shows the amplitude factor derived from Fig. 4 plotted as a function of yield stress squared and fracture stress squared. Note that the acoustic emission amplitude ratio is linearly related to the yield stress squared. The correlation factor for fracture stress squared (0.88) is poor compared to that for yield stress squared (0.99). This suggests that yield stress is an important factor in determining the amplitude of acoustic emission from crack growth in 7050 aluminum. It also suggests that the measured acoustic emission amplitude is proportional to the source energy. To investigate the relationship between the measured acoustic emission amplitude and the source energy a pulsed YAG laser was employed. Variable density fJJ.ters were used to change the energy of the laser pulses. The characteristics of the laser system are shown in Table 4 . Fig. 6 shows the relation between the pulse amplitude measured by our acoustic emission apparatus using a conventional acoustic emission sensor (PAC D9202B) and the energy of laser pulses incident on the specimen at the crack location. The linear relation shows that the amplitude measured by the acoustic emission system is proportional to the input source energy. Using a value of 9.2% for the absorption coefficient of 1.061lm radiation at an air/aluminum interface [11] we find the relation between the detected amplitude and the input acoustic source to be Source Energy = 0.018 xamp (1) where the source energy is in units of mJ and the acoustic emission amplitude is in m V measured at the preamplifier input This result assumes that all of the absorbed infrared pulse energy is converted into the acoustic pulse [12] .
Using equation 1 we obtain Fig. 7 which shows the acoustic emission source energy as a function of crack face increment derived from the 7075-T651 and 7050-T751 data (Figs.  3 and 4a ). Fig. 8 shows the acoustic source energy plotted as a function of strain energy release rate for the 7050 aluminum heat treatment series of specimens. Also included in Figs. 7 and 8 are the corresponding result for 7075-T651 aluminum and the derived result for 7075-T751 aluminum.
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Type Wavelength 8 shows that, while the bulk mechanical properties of7050-T75l and 7075-T651 are similar, the crack propagation acoustic emission behaviour is quite different. For 7050-1751 aluminum the acoustic emission source energy is a fixed fraction of the strain energy release rate (1 O<Kmax<30). For 7075-T651 the acoustic emission source energy is independent of strain energy release rate. This latter behaviour may be due to the influence of the fractured Mg2Si inclusions within the process zone [7] .
CONCLUSIONS
It is concluded that the number and amplitudes of the acoustic emission events are each greater for 7050 aluminum than for 7075 aluminum for similar heat treatment and ambient temperature and that the number and amplitude of the acoustic emission events in 7050 aluminum and 7075 aluminum decreases with increasing temperature and with increasing overaging time. It is also concluded that the measured amplitudes of the acoustic emission signals are linearly related to the source energy. For 7050 aluminum the acoustic emission source energy is a fixed fraction of the strain-energy release rate for fatigue crack advance (10<Kmax<30). This fraction is a function of heat treatment and ambient crack growth temperature. For 7075-T651 aluminum the acoustic emission source energy is independent of the strain-energy release rate (1O<Kmax<30). This behaviour may be due to the effect of Mg2Si inclusions within the process zone.
